In this paper a scs!ar-valued isotropic tensor function is considered, the variables of which are constitutive tensors of orders two and four, for instance, characterizing the anisotropic properties of a material. Therefore, the system of of irreducible invariants of a fourth-order tensor is constructed. Furthermore, the joint or simultaneous invariants of a second-order and a fourth-order tensor are found. In a similar way one can construct an integrity basis for a tensor of order grea.ter than four, as shown in the paper, for instance, for a tensor of order six.
WEITZENBCK [3 ] , WEYL [4] . Very extensive accounts of algebraic invariant theory from the point of view of its application to modern continuum mechanics are presented, for example, by SPENCER [5] , TRUESDELL and NOLL [6] .
It is convenient to employ these results of the theory of invariants in the mechanics of isotropic and anisotropic materials [7] . In the theory of algebraic invariants the central problem is: For a given set of tensors which are not necessarily of the same order, and a given group of transformations, find an integrity basis, the elements of which are algebraic invariants. An integrity basis is a set of polynomials, each invariant under the group of transformations, such that any polynomial function invariant under the group is expressible as a polynomial in elements of the integrity basis.
In continuum mechanics, a constitutive expression may be a polynomial function which is appropriate for the description of the response of an anisotropic material.
The representation of such an expression is based upon an integrity basis.
In this paper the system of irreducible (basic and principal) invariants of a fourth-order tensor is found. Furthermore, the joint or simultaneous invariants of a second-order and a fourth-order tensor are constructed.
The mentioned systems of invariants cannot be found in the cited literature. Therefore, the results of this paper are important, for instance, for a reader who is working in the field of theoretical continuum mechanics and who is familiar with tensor calculus. Jl SI J2 ($2 SI)/2 J3--(2S3-3S2SI + S )/6 (2.5a,b,c)
INTEGRITY BASIS UNDER
The irreducible (basic or principal) invariants are the elements of the integrity basis for the orthogonal group: An integrity basis is a set of polynomials, each invariant under the group of transformations, such that any polynomial function invariant under the group is expressible as a polynomial in the elements of the integrity basis [4, 5, 9] . The invariants (2.2) or, alternatively, (2.3a,b,c) form the integrity basis for the stress tensor o under the proper orthogonal group, i.e. aij +i, and this integrity basis also forms a functional basis.
The representations (2.4a,b) imply isotropy.
In the anisotropic case the restriction (2.1) of F is less severe. Then, the function F is merely required to be invariant under the group of transformations (SikSjk ij) associated with the symmetry properties of the material [8] , where s is a subgroup of the orthogonal group a. In other words, the symmetry properties of the material impose restrictions upon the manner in which the function F depends on the stress components [i0] .
For a particular crystal class [ii] the potential F may be represented as a polynomial in the stresses which is invariant under the subgroup s of transformtions associated with the symmetry properties of the crystal class considered.
The function F is then expressible as a polynomial in these invariants, which form a functional basis.
It is shown by PIPKIN and RIVLIN [12] and PIPKIN and WINEMANN [13] that an integrity basis will also form a functional basis if the group of transformations is finite; then all invariants can be expressed as functions of the invariants of an integrity basis.
INTEGRITY BASIS FOR A FOURTH-ORDER TENSOR.
Instead of the representation by an integrity basis under a subgroup anisotropic behaviour may be characterized by a function F F(oij Aij Aijkl Aijklmn Let us first construct the irreducible principal invariants of a fourth-order tensor Aijkl, which may be a linear operator, i.e., Yij Aijkl_ Im or Y mA^oXo (3.3a,b) where i,j,k,l 1,2,3 or a,B 1,2 9, respectively.
In (3.3b) the operator A defines a linear transformation on a 9-dimensional vector space V 9, which is a correspondence that assigns to every vector X in V 9 a vector AX in Vg, in such a way that A(alXI + a2X 2) alI + a22 identically in the vectors X I and X 2 and the scalars a I and a 2. Let X;
1,2,...,9; be the components of an arbitary vector of unit magnitude which we call direction vector or simply a direction. We then ask: For what directions does the linear transformation A yield a vector Y according to (3. 3) which is in the same direction as X? That is,
where is a real scalar to be determined, aijkl ikjl or are the components of the unit tensor A In order to construct the principal invariants of a fourth-order tensor A, we note that t-terminant (3.5) is an invariant, and we therefore consider the In a similar way we can construct an integrity basis for a tensor of order 
27.
In continuum mechanics a tensor A or order six is often used as a bilinear operator, that is, instead of (3.13) we have bilinear transformations, like Uij Aij klmnSklTmn (3.5) which appear in constitutive expressions [14] .
Now by analogy to (3.8a,b) , the usual symmetry conditions are given by (3.16) where , 8 
CONSTRUCTION OF SIMULTANEOUS INVARIANTS.
In the case of several tensor variables, the term simultaneous or joint invariant is used [6] . This term is used not only for scalar-valued isotroplc functions of several second-order tensor variables, but also for scalar-valued functions of any set of tensors of any order, e. g. of the argument tensors gij'
Aij' Aijkl' Aijklmn in (3.1). Aij klmnOij klmn' Aij pqrsitupqAmnrstuOijklOnm' Aij k ironilgjmOkn (4.3) and they have great importance in the theory of anisotropic materials.
To construct a set of sumultaneous invariants of the stress tensor o.. and the fourth-order constitutive tensor Aijkl we start from the following theorem: A scalar-valued function f(.,T) of one n-dimensional vector v and one symmetric second-order tensor T is an orthogonal invar- 
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